Abstract-In recent years the advancement of technologies of information and communication (technology ICTs) have helped to improve the quality of people's lives. The paradigm of internet of things (IoT, Internet of things) presents innovative solutions that are changing the style of life of the people. Because of this proposes the implementation of a smart mirror as part of a system of home automation, with which we intend to optimize the time of people as they prepare to start their day. This device is constructed from a reflective glass, LCD monitor, a Raspberry Pi 3, a camera and a platform IoT oriented cloud computing, where the information is obtained to show in the mirror, through the consumption of web services. The information is customizable thanks to a mobile application, which in turn allows the user photos to access the mirror, using authentication with facial recognition and user information to predict the news to show according to your profile. In addition, as part of the idea of providing the user a personalized experience, the Smart Mirror incorporates a news recommendation algorithm, implemented using a predictive model, which uses the algorithm, naive bayes.
INTRODUCTION
At present, human beings need to be connected and access information easily. Whether through television or the Internet, there is a need to be informed and in touch with current issues that happen around the world. In such a way that the human being needs comfort in his life and has adapted the technology based on their needs [1] . In recent years, intelligent environments are a popular trend in the concept of Internet of Things (IoT), within which several analytical methods of data such as machine learning and sensor technology have regained importance in academic research whose objective is to provide services of the type not input values, for example, in a domestic environment can be install a mirror with intelligent capabilities much like smartphones. For Botia the importance of the internet of things, lies in the need to have control over almost any object that can be connected to the internet, where the user can manage, observe, integrate and interact it with other object to obtain data by means of special sensors and that can facilitate making decisions by the user according to the domain where the solution is implemented. For Kaori the Smart Mirror is a screen that has a typical functionality of a mirror and also the display multimedia data through a glass screen which can be integrated perfectly in a home [3] . For Derreck, the Smart mirror is a device that works like a mirror with additional capacity to display multimedia data such as text, images and videos. Based on the definitions found, we can define a Smart Mirror as a device built with features of a normal mirror with intelligent-type functionalities whose purpose is to provide interactive information services that will help you start your day [4] . According to Chidambaram , efforts have been made to add technologies in the Smart Mirror to allow multiple tasks simultaneously in order to save time. They develop a mirror with services based on the biometric identification of the user by extracting facial features for recognition, by using a facial recognition algorithm and with images housed in the database created by them, which serves as data of training for the algorithm [5] . For Ceccaroni, there are several research groups that are working on the search for alternatives to implement home automation systems offering better user interfaces. They propose the development of an innovative device that incorporates interactive leisure and information services offered in the interface of a mirror. They suggest a personalization methodology through the creation of a recommendation algorithm, which associates instances of the user's tastes with a service, for example, in the case of television a personalized programming guide, personal motivator or activity reminder [6] . For the prediction of user tastes, classic and modern filtering techniques such as collaborative filtering and content based filtering can be used. [7] . In this way, we propose as a solution the implementation of a smart mirror in order to help optimize people's time before starting the activities of their day. Providing relevant information that allows them to be connected with the current world. Likewise, it is proposed to add to this solution an authentication system for facial recognition, a recommendation system for the classification of news according to the interests of the user and with voice interactions that allow offering a personalized experience.
II. STATE OF THE ART

A. Smart Mirrors
Philips HomeLab is a test bed for the creation and innovation of technologies in a domestic environment. Among its projects is the creation of an interactive mirror in the bathroom that provides personalized services according to the user's preferences. For example: children can watch their favorite cartoons while brushing their teeth, provide TV channels, check traffic information, etc. The authors suggest that the device can be constructed from an LCD screen combined with a reflective surface and connected to a central processor that provides the aforementioned services [8] . The company The Fung Group, conducted an investigation on smart mirrors that focuses on the retail sector or clothing marketing. Being one of the highlights the Memomi's Memory Mirror, intelligent mirror whose functionality is similar to a virtual clothing tester, it allows customers to change sizes, colors and styles of outfits in real time and, of course, share them through mail or social networks It has a camera and sensors at the top with which it follows the movements in real time can record videos that offer 360-degree images when the person is in front of the mirror trying clothes through it [9] . Michael Teeuw developed an open source intelligent mirror platform called MagicMirror², he is considered as the pioneer in developing a device with a low cost Raspberry Pi board, the final product of this project is a framework that has different modules, among they identify the functions of calendar, weather, news, alerts, as well as facial recognition. The smart mirror we build in our project implements all of the functions mentioned above. In addition, it has features for news recommendation and interaction by voice commands, these two features seek to provide a more sophisticated user experience and allow a natural interaction between the mirror and the user. [10] 
B. Facial Recognition
The process of face recognition begins with the capture of the image by means of a camera, this image needs to be pre-processed to improve the contrast. Generally, an image is a collection of pixels, whose value is given according to the intensity that is analyzed from the upper left pixel to the lower right pixel. The intensity value is distributed over the entire image using histogram equalization technique.
[5]
C. News Recommendation
For Doychin, referral systems have become an essential part of our day-to-day life, especially when it comes to handling large amounts of information available online. The use of these systems improves the user experience either when making a purchase like Amazon, eBay or reviewing a news such as the case of Google News and BBC [11] . For García, recommendation systems have proven to be an important way for people to discover information, products and services that are relevant to their needs. These are complemented by search services based on more conventional queries, offering more proactive information discovery, often based on a profile of short or long-term user preferences. These systems can now be found in many applications to provide users with a list of recommended items they would like. For example, popular online retailer Amazon offers users a list of product recommendations in different categories, while Last.fm does it for music and Netflix for movies [12] . The recommendation systems of news articles to the readers, has a series of unique characteristics compared to the recommendation systems of films or products where the profile of the user is constructed from the action of rating the article or the registration of the Preference history that is obtained through interaction on the page. In many traditional application domains of recommendation systems, a user profile is constructed from a user transaction or preference history, for example, movies that have been rated or products purchased. The profile is associated with the user as they interact with the site, and feeds into the creation of personalized recommendations. In the domain of the news, it is not common to have detailed profiles of the user, since users are often not required to log in or create programs [13] .
III. DEVELOPMENT
The construction process of our Smart Mirror is divided into two stages: conception and implementation.
A. Conception
This stage includes the design of the structure of the mirror and the mobile application. In principle, plans were made of the structure to be used to hold a 42 "LCD monitor together with a reflecting glass. Likewise, the work environment was defined using a Raspberry Pi, a small computer with a Raspbian operating system based on Linux [14] , the information is shown when connecting to the Internet through Wi-Fi connectivity of the Raspberry Pi that shows the interface of the mirror through the Chromium browser [15] in kiosk mode. The functionalities were defined based on the analysis of the Smart Mirrors that have been developed and those that will be released to the international market soon, we add a functionality that distinguishes us from the others: the recommendation of news according to the user's profile. In this way the list of functionalities that the Smart Mirror has is the following: Date and time, weather information, personalized news, user's mail, user's calendar, music, facial recognition, speech recognition and text-to-speech.
B. Implementation 1) Facial recognition
It was defined that the authentication of the mirror was carried out by means of facial recognition in an instantaneous way offering an automated experience, resembling Windows Hello authentication for Microsoft Windows 10 devices [16] . The process of facial recognition involves two steps. The first step is the detection of the face, in which it processes an image based on a haar cascade classifiers which contains images of faces and not trained faces. The second step is to recognize who the face belongs to, the image of the face must be trimmed and resized for processing [5] . The facial recognition method we use is the EigenFace [17] which will provide the images of the user's face in frontal and vertical position while using the mirror. In order to implement this functionality we use the EmguCV libraries [18] .
2) Mobile app
The mobile application is built from the need to obtain the user's photos, so that he can access the mirror through the facial recognition functionality. A native application for Android devices was developed, which offers the option of logging in through the user's Facebook or Google accounts, because it gives the user the facility of a faster log-in and does not demand it have to remember one more password [19] . Also, this application allows updating user information and widgets that you want to be displayed in the mirror.
3) Services
The mirror to use various web services, needs various integrations to obtain the required information which are hosted on a REST server programmed in the C # language in Visual Studio 2015, in which the data exchange of the mobile application is made to the server sent with the JSON format. Likewise, for services such as mail and calendars OAuth 2.0 [20] was used to access from the application and save these accesses so that the server and the interface are not affected by the confirmation window of access to the service. In speech recognition, annyang [21] was used, a JavaScript library that allows users to control the Smart Mirror functionalities through voice commands. It was decided to use this library because it is very light (it only weighs 2kb), it is free and it supports different languages [22] . It consumed APIs such as Dark Sky [23] , RSS of the newspaper Perú 21, Google Calendar and Gmail to provide information on weather, news, events and user mail respectively. We add the functionality speak using the library ResponsiveVoice.js [24] so that the mirror can read the user news, mail or events that is displayed in the mirror. Like annyang, ResponsiveVoice.js, it is a lightweight library (weighing 14 kb), and it supports a large number of languages, as well as working on PCs, smartphones and tablets [25] . 
4) Mirror interface
It was developed with CSS, HTML and JavaScript components, the design and distribution of the widgets was reorganized in order to take advantage of each space of the mirror considering the new services that the Smart Mirror will show without neglecting the main function of a common mirror.
5) News recommendation
For this functionality, a machine learning algorithm was implemented within the mirror server. The algorithm began with the elaboration of a dataset by means of the results of a survey distributed to a population between the ages of 20 to 40 years and the sample were students, teachers and administrative staff of the UPC included in the age range of the population. Then, the data resulting from the survey were designed according to the arff file format, then the Weka precision test was performed among three multilayer perceptron classification algorithms [26] , naive Bayes and J48 [27] . Subsequently, the comparison of the results was made obtaining the best percentage of accuracy for the naive Bayes algorithm. Finally, the predictive model was developed taking into account the category of Collaborative Filtering, recommendation by rating, and the bayes theorem, having 30% of the results of our dataset as test data. The input of the algorithm is constructed from the number of categories interacted by the user with the voice commands "Show me" and "Readme", this amount is updated in the file of the type arff, which is read by the algorithm programmed in C # that is hosted in the server. After storing the data of the arff file in the algorithm variables proceeds to build the model and make the prediction being the output the 3 categories of interest of the user which will be shown in the later use of the mirror. 
A. Time Optimization
The time optimization tests were performed comparing the estimated time it takes a person to prepare to start their day in front of a mirror, while reviewing informative applications on the cell phone. For this experiment a sample of 5 people was used, to which they were asked to take the time they spend in front of the mirror at the beginning of the day and then the time was measured using the mirror. As can be seen in table 1, the group of people who take the longest time to get ready to start their day is the group of women. On average 27 minutes, because in the experiment was considered the time they distribute between makeup in front of the mirror and use their mobile devices to check their social networks, mail, news and play songs. It was observed that women can do some activities simultaneously such as make up and listen to music, However, when they receive a message on their social networks or need to read a news, they stop making up, causing the time they spend in front of the mirror to be prolonged but using the smart mirror they took average of 6 to 9 minutes. Also, the time it takes the group of men to get ready to start the day was an average of 9 minutes, noting that they review information relevant to them, such as mail, social network notifications and news of the day on their mobile devices. Likewise, the group of men using the Smart Mirror took an average of 5 minutes because the activities carried out by the men only covered the news and emails, which can be done quickly with the mirror.
B. Cost
The estimated prices of the mirrors that are currently projects that will be on the market between this year 2017 and 2018, the information that is obtained from the Kickstarter page, which is a website considered as a global community that contributes to the creative projects being made reality thanks to the direct help of other people [28], according to this information, the price of the mirrors that will go to the international market fluctuates between $79 and $1200. For our mirror, the cost was estimated according to the materials used, excluding work, the total cost is $ 700.
C. Machine Learning Algorithm
1) Dataset
Surveys were conducted to create the dataset, where each of the instances represents a person. After obtaining the answers, we went to the pre-processing stage of the dataset, where first the elimination of instances with incomplete information was done, then the normalization and binarization of the attributes. Afterwards, we went to the stage of selection of attributes, this because we want to reduce the dimensionality and in order that the complexity is not too high [29] , obtaining a total of 98 instances.
2) Efficiency
To choose the algorithm to be used in our predictive model, we compared three classification algorithms, which were used to generate a model that allows us to predict the interest of a news item based on the user's profile. These algorithms are: Multilayer Perceptron (MP), Naive Bayes (NB) and J48. The following evaluation methods were also used: Cross Validation (CV) and Percentage Split (PS) In the first case, we compare the percentage of correctly classified instances to know the efficiency of each algorithm. Due to the number of instances and data models, it was verified that naive Bayes using percentage split algorithm presents the best results with 62.07%. For the analysis of the ROC curve we observed that Naive Bayes obtained a higher average (0.841) using percentage split. When we go into detail, we see that the lowest value of the area under the ROC curve is the policy value with a 0.5. This is mainly due to the few data in our dataset that has that value.
a) Evaluation by classified instances
b) Evaluation by Confusion Matrix
3) Experiment
After the implementation of the algorithm it was necessary to do tests with different users, in order to corroborate their effectiveness. The first attempts to make the tests of the news recommendation were not satisfactory, since our news repository did not always have all the predicted categories within its main RSS, so we had to modify the obtaining of news and cover diverse RSS of the same source of information. After the modifications, it was possible to count on the support of ten people with different profiles, taking as main filters the age, the gender and the performance area. The tests were conducted by presenting each user with a set of the five most important news of the day and choosing which of them seemed the most interesting. After registering the quantity of news of interest without the prediction, a new set of news is presented, which have been filtered thanks to the algorithm based on the user's data and the news selection is requested again. The results obtained were quite good, with the average of the news selected without filtering a 2.3, while those that were filtered showed an average of 4.7, showing that the filtered articles are preferred by the users.
V. CONCLUSIONS
Smart mirrors have great potential to help users access and interact with the necessary information without effort.
Generally, the construction of an intelligent mirror has two fundamental pillars: the design of the structure and the definition of functionalities. The first one is a key process, because according to the definition of the structure and the size of the mirror, it will be able to guide different commercial segments. The definition of functionalities has special importance because these, in most cases, require the consumption of various web services that allow you to obtain the information that will later show. The previous investigations carried out allowed us to know and analyze the various existing and upcoming mirrors to be launched in the market, as well as the functionalities with which they count and the price at which they are projected to be offered. From this analysis, the most relevant functionalities identified in the different existing mirrors were adopted, and some others were added to add value to ours, such as authentication with facial recognition, voice commands and customized news recommendation system. As a result of research on devices with the surface of a mirror, an intelligent mirror has been designed that allows the user to access and interact with information, improving the user's experience through personalization through a news recommendation system. In addition, in order to improve the user experience provided by our mirror, the voice command recognition functionality was also implemented to improve the interaction of the mirror and read the information presented in its interface.During the implementation of the news recommendation system it was necessary to create an own dataset, which is adapted to the model to be implemented. For which a survey was made to the students of the Peruvian University of Applied Sciences belonging to the Monterrico headquarters.
